The analysis of urea in serum and whole blood samples dried onto filter paper has been investigated. In both cases the sample volume is not critical nor is the volume of sample applied to the filter paper if sample discs of consistent dimensions can be punched from the dried paper. The method must be calibrated by a serum-based material not an aqueous standard, presumably because of a matrix effect. A coefficient of variation of approximately 6% has been achieved over a wide range of urea concentration and the method has been shown to correlate well with a standard laboratory procedure. The technique has a particular application to neonatal capillary samples.
SUMMARY. The analysis of urea in serum and whole blood samples dried onto filter paper has been investigated. In both cases the sample volume is not critical nor is the volume of sample applied to the filter paper if sample discs of consistent dimensions can be punched from the dried paper. The method must be calibrated by a serum-based material not an aqueous standard, presumably because of a matrix effect. A coefficient of variation of approximately 6% has been achieved over a wide range of urea concentration and the method has been shown to correlate well with a standard laboratory procedure. The technique has a particular application to neonatal capillary samples.
Dried blood spots have been used in diagnostic screening programmes for many years, for example, phenylketonuria, 1 hypothyroidisrn/: 3 and cystic fibrosis." Their use in other ways is much less widespread although the measurement of glucose.P" lactate'? and 3hydroxybutyrate" have been reported. Despite limited application there are advantages in this method of sample collection. Transportation of dried blood spots is easier than of blood samples. This is one of the reasons why dried blood spot samples have proved so successful in neonatal screening programmes. The need for sample separation is eliminated which results in minimal wastage. Capillary, instead of venous, samples may be used which is an advantage where samples are -difficult to obtain ie, in paediatric, geriatric or obese patients, and in those with poor viens. However the technique for collection and application of the sample to the filter paper is important and must be controlled if acceptable precision is to be achieved. The volume of sample applied to the paper may be critical, although some reports suggest this is not the case if discs of reproducible dimensions are used.?: 8 This needs to be checked for each new method. The interference effect of haemoglobin may be a major factor and methods for its removal may have to be employed. If haemoglobin is not removed, the difference in the interpretation of whole blood values compared with serum or plasma has to be considered. The difference in the matrix of Correspondence: Dr H G J Worth. 408 samples and calibrants may affect accuracy and should be investigated. Finally, the method of elution from the filter paper may affect the results.
Material and methods
Urea analyses were carried out by the ureasel glutamate dehydrogenase method, measuring the reduction of absorbance at 340 nm. The IL Urea, Nitrogen Reagent 919 (Instrumentation Laboratory (UK) Ltd) was used and measurements made on a Beckman Model 42 Clinical Analyzer. For comparison, samples were analysed by an IL-508 Clinical Analyser using the same reagent. Blood and serum samples were eluted from filter paper discs in to plastic tubes by adding eluent which was followed by the urea reagent. An aliquot was transferred to the Model 42 flow cell, where each sample was incubated for 15 s to equilibrate at 30°C and the absorbance change measured over the next 30 s.
Portions (10 ul.) of Wellcomtrol One control serum (Wellcome Research Laboratories) and a human serum sample of high urea concentration were pipetted onto Wescor vapour osometer paper discs (weight 3 mg, diameter 7 mm), dried and eluted with 0·9% w/v saline (0,5 mL), and assayed as described above using Instrumentation Laboratories Calibrant I to calibrate. The effect of sample volume and application was determined by assaying 10 and 20 ul, aliquots before and after allowing the spots to dry. Aliquots (10 I-tL) of Wellcomtrol One were eluted for differing time periods(l-lO min) to determine the effect of time on elution. Samples (10 I-tL) of assayed commercial control sera, Wellcome One, Ortho I and III (Ortho Diagnostic Systems) and Precinorm U (BCL), and Instrument Laboratories Calibrant I were applied to paper discs, dried, eluted and assayed, and the urea concentration of each material calculated by using the assigned value of each of the other calibrants. These data are compared in Table 1 . UREA ASSAY ON DRIED WHOLE BLOOD SPOTS Different eluting procedures were investigated in an attempt to reduce the effect of haemoglobin, namely perchloric acid (0,066 -0·33 mo.1I L) mixed with 0·9% w/v saline, trichloroacetic acid (0·2 -1·0% w/v) mixed with 0·9% w/v saline and the addition of Sephadex GM 25 (20 -60 mg) (Pharmacia (Great Britain) Ltd) to the eluent. Finally, analysis was carried in the presence of haemoglobin as detailed below.
One drop of whole blood was applied to a Guthrie paper, dried, and a disc punched out (6 mm diameter) from an evenly covered part of the paper. This was eluted with 0·9% w/v saline (1 mL), reacted with urea reagent (0,5 mL) and assayed by measuring the reduction in absorbance at 340 nm in 30 s after a 15 s incubation in the Beckman Model 42 Clinical Analyser fitted with a flow cell set at 30°C. Wellcomtrol One was used as calibrant and results compared to those obtained on the IL-508 ( Fig. 1) . Precision, the effect of elution time (1 to 10 min) and storage of samples on Guthrie papers (up to 1 week) prior to analysis were investigated. Heelprick samples taken from neonates for routine investigation were also similarly compared. (Fig. 1) .
Results
Repeated analysis of Wellcomtrol One gave a CV of 6·2% with a mean value of 11·3 mmollL; a human serum sample gave a CV of 6·5% with a mean value of 32·9 mmollL (n = 20 in both cases). The assigned value for Wellcomtrol One was 9·5 mmollL indicating that there was a problem of accuracy. This is highlighte~by the data in Table 1 where the use of different calibrants is compared. The elution time of the sample from the paper had no significant effect on the result (between 1 and 10 min) whereas there was a slightly better correlation if 10 ul, instead of 20 ul, of sample was used and the sample was dried before elution. Haemoglobin could not easily be removed totally from the sample by the methods investigated, bu.t a?al.ysis could be carried out quite satisfactonly In Its presence by increasing the elution volume as described. The analysis of venous and heelprick whole-blood samples compare satisfactorily with the present laboratory method both giving a correlation coefficient of 0·99.~hese data are shown in Fig. 1 . Repeated analysis on a blood sample gave a CV of 5·3% with a mean value of 10·6 mmol/L (n = 10). As with serum, the elution time was not critical, nor was there any effect on storing samples up to 1 week prior to analysis.
Discussion
Initial experiments carried out on serum using pre-cut discs showed that acceptable precision could be achieved over a wide concentration range. The sample elution time is not critical nor is sample volume but 10 ul. is preferred and the spots should be allowed to dry prior to analysis. Drying also reduces the risk of contamination by or of the specimen. The method of calibration affects accuracy, as can be seen from Table 1 . This may be partly due to a matrix effect as the aqueous calibrant compared less well with serum-based materials. Wellcomtrol One was adopted as it gave results most comparable with the current laboratory method.
Two problems arise when the technique is applied to whole blood. Metabolites are distributed differently in cells and serum which produces problems of comparability and interpretation. This is less of a problem with urea than with many other components as it is freely diffusible through the body fluids. The other problem concerns the presence of haemoglobin. This was highlighted recently by Burrin and Price," who like ourselves encountered difficulties in removing haemoglobin completely. We found that urea could be measured satisfactorily in the presence of haemoglobin by altering the conditions of the reaction slightly.
This application to discs containing whole blood punched from Guthrie papers has proved satisfactory, and is easily applicable to neonatal samples. The method is used routinely in our laboratory for the estimation of urea in neonates where there are difficulties in obtaining larger samples. Specimens are collected by laboratory staff, and although the method has been shown to be robust, it would need to be monitored closely if this was devolved to the ward staff.
